BACKGROUND/OBJECTIVES: Differences in the quality of complementary feeding between infants of obese and nonobese mothers have not been examined sufficiently. The aim of this paper was to compare dietary patterns, foods, nutrients and energy intakes of 9-month-old Danish infants in a cohort comprising obese mothers (SKOT II, n = 184; SKOT, Danish abbreviation of small children's diet and well-being) with a cohort consisting mainly of nonobese mothers (SKOT I, n = 329). SUBJECTS/METHODS: Dietary intake was assessed by 7-day records, and dietary patterns were identified by principal component analysis. RESULTS: SKOT I was characterized by a lower maternal body mass index (BMI) and a higher social class than SKOT II in relation to parental education and occupation. Infants in SKOT II had lower scores on a Health-Conscious Food pattern reflected at the food group level, for example, with lower intake of the food groups Fruit and Vegetable but higher intake of WheatBreadNoWholegrain in SKOT II compared with SKOT I. Moreover, SKOT II had shorter durations of breastfeeding, earlier introductions of complementary feeding, higher energy intake from protein but lower energy intakes from monounsaturated fatty acids and polyunsaturated fatty acids at 9 months. SKOT II had higher weight-for-age and length-for-age z-scores, but no differences in BMI z-scores, as compared with SKOT I at 9 months. CONCLUSIONS: Infants of obese mothers from a lower social class seem to have a less healthy diet and higher weight and length z-scores at 9 months. Therefore, the promotion of healthy complementary feeding might be beneficial for the prevention of health implications, such as obesity, later in life for these infants. 
INTRODUCTION
It is well established that maternal obesity is associated with early childhood obesity, and it seems that environmental factors such as the intrauterine nutrient environment 1 and breastfeeding practice, 2 which have been widely investigated, are likely to have a role in the causal link. 3, 4 For example, obese mothers have lower rates of initiation and duration of breastfeeding. 5, 6 Therefore, children of obese mothers are more frequently formula-fed, which increases the risk of obesity in later life. The higher protein content in infant formula compared with breast milk is likely to be part of the explanation. 7 The relationship between maternal obesity and complementary feeding practice is much less investigated, but it is potentially important for the intergenerational transfer of obesity risk because the infants are still nutritionally vulnerable, and this period seems to contribute to the establishment of life-long eating habits. 8 However, the focus has mainly been on the timing of complementary feeding and less on the quality of food. 8 The quality of complementary food can be investigated at different levels. When the infant changes from a milk-based diet to the family's diet, the complexity increases and thus also the need for a diversified characterization of dietary patterns comprising the whole diet, which is supported by information about intake of energy, nutrients and foods. To our knowledge, the relationship between maternal body mass index (BMI) and offspring dietary patterns within the first 2 years of life has been investigated in four studies, [9] [10] [11] [12] and only two of these have investigated the relationship within the first year of life. 10, 11 The aim of this paper is to compare the dietary patterns, foods, nutrients and energy intake of Danish infants at 9 months in a cohort consisting of obese mothers with a cohort consisting mainly of nonobese mothers.
SUBJECTS AND METHODS

Study design and participants
This study is based on two comparable observational cohorts: SKOT I and SKOT II (SKOT; Danish abbreviation of small children's diet and well-being), when infants were 9 months old. Infants in SKOT I were recruited by postal invitations to randomly selected parents of infants on the basis of extractions from the National Civil Registration System. SKOT I required participants to be healthy singletons, born at term, with an age of 9 months ± 2 weeks at the first examination and having Danish-speaking parents. 13 Participants for SKOT II were recruited among offspring of obese pregnant women participating in the intervention study 'Treatment of Obese Pregnant Women' (TOP) at Hvidovre Hospital (Hvidovre, Denmark) with dietetic and physical activity counseling, 14 followed by breastfeeding counseling for a subgroup of the participants. 15 Hereby, the inclusion criteria for SKOT II were equal to SKOT I, except that all participants were required to be offspring of women with a prepregnancy BMI 430 kg/m 2 . Of 2211 randomly selected infants from the National Civil Registration System invited to participate, 329 (15%) participants were included in SKOT I, of whom 95% completed the 9-month examination. In SKOT II, 208 infants whose mothers had participated in the TOP intervention were invited and 184 (88%) were included, of which 90% completed the 9-month examination. In SKOT I, 99% of the infants participating in the 9-month examination completed diet registration, whereas this was 86% in SKOT II. Collection of 9-month data was carried out in the year 2007-2008  and in the year 2011-2012 for SKOT I and SKOT II, respectively, because the  TOP study started later. Official Danish guidelines for infant feeding did not  change during this period. SKOT I (H-KF-2007-0003) and SKOT II (H-3-2010-122) were approved by The Committees on Biomedical Research Ethics for the Capital Region of Denmark.
Dietary data
The diet was recorded by parents using validated 7-day food records. 16 Portion sizes were estimated with household measures and food photograph series and noted in a precoded food diary. The calculation of nutrient intake has been described previously. 16 Possible over-and underreporters were identified on the basis of the estimated daily energy requirement of 338 kJ/kg for both genders, as an average between 6-and 12-month estimates 17 and cutoff values of ± 46%. 18 The food groups were selected on the basis of nutritional knowledge in an attempt to cover most aspects of the official recommendations, nutrition evidence and typical infant diet in Denmark. Food groups were named with a short, compressed description, such as 'FatsAnimal' and 'SugaryDrink'. The intake (g per day) of all food groups, except breast milk, was divided by total body weight (kg) for each participant. Intake of breast milk was estimated as the number of breastfeeding's per day ( o1, 1-2, 3-5, 6-8 and 49) and recoded as the mean of each interval. These breastfeeding categories were used in the principal component analysis (PCA), whereas an estimate of 99 g per feeding 19 was used in the box plot of food groups and in the calculation of total energy intake.
Background characteristics
Information about parental and household factors was collected via interviews and questionnaires when the infants were aged 9 months. Total household income was divided into 4 or o650 000 DKK (US$~120 000) per year (country average for families is 684 000 DKK (US$~127 000)). 20 The weights and heights of the mothers in SKOT I were self-reported, whereas for the mothers in SKOT II they were measured during the 9-month examination (weight: Tanita WB-100MA; Tanita Corporation, Tokyo, Japan; height: 235 Heightronic Digital Stadiometer, QuickMedical, Issaquah, WA, USA). Duration of breastfeeding and age for introduction of complementary feeding were recalled at 9 months. Exclusive breastfeeding was defined as receiving only breast milk, water and vitamins. Birth weight and length measurements were carried out by midwives and obtained from health records. Weight and length measurements at 9 months were carried out at the Department of Nutrition, Exercise and Sports, University of Copenhagen (Copenhagen, Denmark), by trained research staff. Using a digital scale (Sartorius IP65; Sartorius AG, Göttingen, Germany), weight was measured, without clothes, to the nearest 0.1 kg. Recumbent length was a mean of three measurements carried out with a digital measuring board (Force Technology, Brøndby, Denmark), which made readings to the nearest 0.01 cm. Weight, length and BMI were converted to z-scores, using the World Health Organization growth standards as a reference and the software program World Health Organization Anthro 2005. 21 Parents were requested to start the dietary assessment just before and just after the examination in SKOT I and SKOT II, respectively, for logistic reasons, but the examination visit did not include any dietary advice.
Statistical analyses
For categorical variables, cohorts were compared via Pearson's χ 2 test or Fisher's exact test. For continuous variables, cohorts were compared using the two-sample t-test, Welsh's t-test or Mann-Whitney test. All statistical tests were conducted in the statistical programming environment R, version 3.0.2 (http: //www.r-project.org). Significant dietary differences between SKOT I and SKOT II are reported as ***Po0.001, **P o0.01 and *Po0.05. For the identification of dietary patterns, PCA was carried out in MATLAB R2010b using PLS_Toolbox, version 7.3.1 on a pooled sample of SKOT I and SKOT II data, centered and scaled to unit variance. The influence plot (sample sum squared residuals versus Hotellings T 2 within the model), which provides a quantitative measure of how well the data of individual persons fit the PCA model in terms of the underlying patterns, was used to verify the pooling of dietary data from SKOT I and SKOT II.
Naming of dietary patterns was based on food groups with highest loadings. The number of principal components was selected on the basis of a clear change in the scree plot. 22 
RESULTS
Background characteristics of SKOT I and SKOT II As expected, the maternal BMI in SKOT II was distinctively higher than in SKOT I (Table 1) . At 9 months, 4% and 92% of the mothers were obese and 19% and 7% were overweight in SKOT I and SKOT II, respectively. A smaller difference was seen for paternal BMI. The social class was higher in SKOT I compared with SKOT II, in relation to both maternal and paternal job situations and educational levels.
According to the child characteristics, the breastfeeding duration was shorter in SKOT II, and the introduction of complementary feeding began earlier. The median duration of exclusive breastfeeding was 129 days in SKOT I versus 75 days in SKOT II. In SKOT I, 59%, compared with 80% in SKOT II, introduced complementary feeding at 4 months or earlier. At birth, there was a trend of higher BMI z-scores in SKOT II, caused by higher weightfor-age z-scores. At 9 months, SKOT II had higher weight-for-age and length-for-age z-scores, but no differences in BMI-for-age z-scores.
Comparing the intake of energy in SKOT I and SKOT II Dietary registrations at 9 months were available for 308 and 142 infants in SKOT I and SKOT II, respectively. The mean energy intake recorded at 9 months in SKOT I was 3531 ± 885 kJ per day, which was higher (P = 0.002) than that in SKOT II (3250 ± 842 kJ per day). Both in SKOT I and II, 1% were possible underreporters; in SKOT I, 15% were possible overreporters, compared with 9% in SKOT II, but none of these were excluded.
Comparing intake of nutrients in SKOT I and SKOT II Protein intake, expressed as a percentage of energy, was significantly lower in SKOT I, whereas intake of energy from monounsaturated fatty acids, polyunsaturated fatty acids and fiber (mg/kJ) was significantly higher in SKOT I compared with SKOT II (Table 2) .
In SKOT I 9% of infants and in SKOT II 18% of infants had percentages of energy intake from protein that were higher than the Nordic Nutrition Recommendations.
Comparison of intake from food groups in SKOT I and SKOT II The diet was divided into 23 food groups representing the whole diet (Table 3) . BreastMilk, BreakfastCereals, SweetsCake and SugaryDrink were eaten by o50% of the participants in both cohorts at 9 months. Infants in SKOT I had a significantly lower median intake of Milk, PastaRice, WheatBreadWholegrain and WheatBreadNoWholegrain, but a higher intake of Fruit, Vegetable, Potato, Porridge, BreastMilk, FruitNutSnack, FatsVegetable and FastFood compared with infants in SKOT II (Figures 1a-c) .
Comparison of dietary patterns in SKOT I and SKOT II A visual inspection of the influence plot showing an equal distribution of residuals in SKOT I and SKOT II indicated similar underlying dietary patterns in both cohorts, verifying that the diets in the cohorts were suitable for pooling in one PCA. Two dietary patterns were identified in this pooled sample of the cohorts at 9 months of age ( Figure 2 ). The first pattern was named Family Food pattern, and it explained 13% of the variation in the intake of food groups. This pattern was characterized by low loadings for the baby foods Formula and BreastMilk and high loadings for family foods such as Meat, Milk, RyeBread and FatsAnimal. The second pattern was named Health-Conscious Food, because it had low loadings for foods such as SweetsCake, WheatBreadNoWholegrain and SugaryDrink and high loadings for foods such a Potato, Vegetable, Fruit and Fish, and it explained 9% of the variation. No significant difference was seen between cohorts in relation to the Family Food pattern, whereas infants in SKOT I had higher score values in the Health-Conscious Food pattern than infants in SKOT II (Figure 3 ).
DISCUSSION
Significant differences in the infant diet between SKOT I and SKOT II were found. This included lower scores on the Health-Conscious Food pattern and higher intake of energy from protein for infants in SKOT II. Both of these are likely to be associated with an increased risk of obesity in later life. The findings are of public health relevance, as infants in SKOT II, from birth, are already at a higher risk of developing obesity and metabolic complications because they are all born to obese mothers with a lower social class than those in SKOT I.
Comparison of dietary patterns in SKOT I and SKOT II Lower scores on a healthy dietary pattern for young children of mothers with higher BMI are in agreement with previous findings. 9, 10, 12, 23, 24 If maternal diet was included in the analysis, this was the strongest indicator for the dietary pattern of the infant, 10 whereby a considerable part of the association between maternal BMI and infant dietary patterns is probably mediated through the mothers' own food choices. The health implications, including the risk of obesity, related to the difference in the Health-Conscious Food pattern at this age, are uncertain. Studies investigating the association between dietary patterns and the BMIs of young children have been inconclusive. [25] [26] [27] [28] Moreover, the differences between the cohorts in the Health-Conscious Food pattern might increase with age because the complementary period is a period with special baby food products and parents are often very conscious about food choices in this period, but this might be difficult to maintain after the complementary feeding period.
Comparison of intake from food groups in SKOT I and SKOT II The difference in the Health-Conscious Food pattern between cohorts is reflected in differences in individual food groups. The higher intake of Fruit, Vegetable and FatsVegetable indicates a healthier diet in SKOT I. Unexpectedly, SKOT I had a higher intake of FastFood, which mainly represented intake of sausages and fried potatoes. However, the intake of FastFood at 9 months was low and most likely does not have health implications at this age. The slightly older age of infants in SKOT II could imply a more advanced stage in complementary feeding transition and thereby a lower intake of Porridge and a higher intake of Milk than SKOT I. In Denmark, cow's milk is recommended to be gradually introduced as a drink at 9 months of age. 29 However, the age difference of 9 days is probably irrelevant, and it might rather be an expression of the earlier age of introduction of complementary foods and different complementary feeding practices in the cohorts. Even though infants in SKOT I had shorter times between their first introduction of complementary foods and the diet registration, as complementary food was introduced later, the variation in the share of the whole diet coming from BreastMilk or Formula does not seem to pose differences between the cohorts. This is based on the finding of no differences in the Family Food pattern, which is an overall expression of the transition from BreastMilk and Formula (left side of Figure 2 ) to other foods (right side of plot). Differences in feeding practices between the cohorts were more dependent on choices within the other foods, and the differences in BreastMilk versus Formula intake at this age because of the difference in adherence to the Health-Conscious Food pattern. Health implications of the differences in intake of foods on the right side of Figure 2 are uncertain, but the sole difference in current breastfeeding practice, together with the finding of longer duration of exclusive breastfeeding, might contribute to different risks of future obesity in the cohorts. A shorter duration of breastfeeding and early introduction of complementary feeding are often highly correlated 30 and have been associated with an increased risk of childhood obesity. 31, 32 Comparison of nutrient intake in SKOT I and SKOT II The higher percentage of energy intake from protein in SKOT II was expected because of the higher intake of Milk and Formula (although nonsignificant), which have higher protein content than BreastMilk. We are not aware of studies reporting a higher energy percentage from protein in the complementary feeding period in infants of obese mothers, but higher percentages of energy from carbohydrates in complementary foods and a higher total energy intake have been reported. 33 The 9% of infants with a percentage of energy from protein above the recommendation in SKOT I was comparable to the 10% found in a previous national survey. 34 Yet, the higher percentages of energy from protein in SKOT II resulted in a considerably higher proportion (18%) of infants with an intake above the recommendations. The higher protein intake might contribute to the higher weight-for-age z-scores observed in SKOT II, as a high protein intake during infancy has been associated with higher weight-for-age z-scores. 35 However, no differences were observed in BMI z-scores between the SKOT cohorts, nor did the study that reported a higher energy intake from carbohydrates in infants of obese mothers find differences in current BMIs. 33 Yet, higher BMIs might appear later in life, as it was concluded in a recent review that a high intake of protein, particularly dairy protein in infancy, could be associated with increased BMI later in childhood. 8 Nevertheless, it cannot be excluded that the percentage of energy from protein is influenced by a differentiated underreporting of fat-and carbohydrate-rich products, especially in SKOT II.
Strengths and limitations
The main strengths of this study are the dietary assessment with thorough portion-size estimation in infancy plus the analysis of different dietary levels, including dietary patterns, in two very diverse cohorts of infants that represent a wide range of the Danish spectrum in relation to maternal BMI and social class. 36, 37 The main limitation of the study was a possible reduced generalizability of identified dietary differences between the cohorts to other Danish infants with parents of similar BMIs and social classes. This is owing to a potential effect of the maternal intervention in SKOT II during pregnancy and postpartum, with a focus on prolonging breastfeeding and healthy diet for the pregnant woman, which also might affect her complementary feeding practice. The interventions were able to increase the duration of breastfeeding considerably 15 and to reduce the maternal gestational weight gain.
14 Despite this focus, the breastfeeding duration in SKOT II was considerably shorter than in SKOT I, and the diet quality at 9 months was lower. Information on duration of breastfeeding was collected at 9 months, which could result in some recall bias, but we do not believe that it is a serious concern and the effect of recall bias is not expected to differ substantially between the cohorts. There was a large difference in the success rate of inclusion between the studies in SKOT I (15%) compared with SKOT II (88%). SKOT I is the group of families who choose to participate from a random sample of families invited, whereas SKOT II is recruited from a health intervention study during pregnancy, and thereby both cohorts are most likely families with some interest in healthy living, which may also reduce the generalizability. The success rate in SKOT II shows the accomplishment in recruiting infants born to obese mothers through the intervention study, which otherwise is a difficult-toreach group. Over-reporting might explain the higher energy intake in SKOT I, but it is unknown whether the observed overreporting was random or mostly related to healthy foods. A further limitation of this study is the relatively rough portion-size estimation of breast milk intake, which differed from the rest of the dietary assessment. This might explain the location of BreastMilk at the lower end of the Health-Conscious Food pattern.
CONCLUSION
Compared with infants born mainly to nonobese mothers from a higher social class (SKOT I), at 9 months, infants of obese mothers (SKOT II) had earlier introductions of complementary feeding and less healthy diets, including less breastfeeding, a higher energy intake from protein but a lower energy intake from monounsaturated fatty acids and polyunsaturated fatty acids and a possibly less healthy overall dietary pattern, including a lower intake of Fruit and Vegetable and a higher intake of WheatBreadNoWholegrain. A promotion of healthy complementary feeding seems to be highly relevant for these infants because, from birth, they have a higher risk of future obesity, and the observed nutritional differences might increase the risk further. Already at 9 months of age, they have higher weight and length z-scores than the infants born to nonobese mothers of a higher social class. However, future studies should contribute to our knowledge about possible health implications of the dietary differences observed.
